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Abstract
As the mandible is susceptible to fracture, the aim of this study was to use multivariate logistic regression analysis to identify and distinguish various internal factors that may influence the location of mandibular fractures. The study included 1131 patients with maxillofacial fractures during the period from January 2000 to December 2009 to evaluate the association of mandibular fracture location (unilateral symphysis, body, angle, condylar, or bilateral condylar fractures) with various internal factors. Among the 1131 patients, 869 had mandibular fractures. Data on age, sex, soft tissue injuries, dental trauma, and maxillofacial fracture type were collected and analyzed using multivariate logistic regression. In total, 387, 210, 139, 319, and 172 patients were diagnosed with unilateral symphysis, body, angle, unilateral, or bilateral condylar fractures, respectively. The dental trauma in patients with bilateral condylar fractures differed from that in patients with unilateral condylar fractures. Patients with mandibular fracture (unilateral symphysis, body, unilateral or bilateral condylar) possessed an approximately equal risk of soft tissue injuries in the mandible. Patients with either unilateral or bilateral condylar fractures were associated with a low risk of mandibular angle fracture (OR < 1). Similarly, patients with mandibular angle fracture were associated with a low risk of unilateral or bilateral condylar fractures (OR < 1). Moreover, patients with symphysis fracture were associated with a low risk of bilateral condylar fractures (90 of 387 [23.3%] , OR 0.899). By contrast, patients with bilateral condylar fractures were associated with a high risk of symphysis fracture (90 of 172 [52.3%], OR 17.38). Patients with condylar fractures, particularly those with bilateral condylar fractures, were infrequently associated with secondary mandibular fractures. Mandibular fractures tended to have less of an association with midfacial fractures. The occurrence of mandibular fractures is strongly correlated with age, sex, soft tissue injuries, dental trauma, and the pattern and position of the maxillofacial fractures in patients.
Introduction
As the only mobile bone of the facial skeleton, the mandible is vulnerable to fracture because of its mechanically weak components, including the angle, the condylar process, and both sides of the mentum [1] [2] [3] . With a fracture incidence rate of 23.8% to 81.3% [4] [5] [6] , mandibular fractures are the most common of all maxillofacial fractures. Elements which reportedly influence the location of mandible fractures include external factors such as site of impact, direction, and severity of the force of impact [7, 8] ; internal factors include mouth opening [9] [10] [11] , dental states such as third molar impaction [3, 10, [12] [13] [14] [15] [16] [17] , and intrinsic bone attributes such as physiological atrophy, osteoporosis, and pathological processes [18] .
A few studies explored the mechanism by which mandibular fractures occur [7, 9, 10, 19] , however, external factors such as the magnitude and direction of the impact, and the shape of the object delivering the impact are widely variable. In addition, these studies cannot control for internal factors, which include condition of the dentition, the position of the mandible, and the influence of associated soft tissue. Thus, only clinical impressions and opinions have served as the basis by which to elucidate the mechanism underlying fracture occurrence [20] . A comprehensive understanding of the various factors that influence the location of mandibular fractures is important to provide clinical and research data for the effective management of these injuries. This paper is part of an extensive investigation that analyzes the mechanics in the production of mandibular fractures from an internal point of view. Accordingly, this study aims to identify and distinguish these internal factors by using a multivariate logistic regression analysis model.
Results
Of 1131 patients with maxillofacial fractures, a total of 869 patients sustained mandibular fractures. Many of these patients (491 of 869 [56.5%]) had fracture of the condylar process, followed by 391 patients (45.0%) with symphysis, 222 patients (25.5%) with body, and 143 patients (16.5%) with angle fractures. Patients with bilateral symmetrical mandibular fractures (except for those with bilateral condylar fractures) were excluded from the study, in accordance with the exclusion criteria. Accordingly, 387 patients were diagnosed with unilateral symphysis fracture (for details see S1 Appendix), 210 with unilateral body fracture (for details see S2 Appendix), and 139 with unilateral angle fracture (for details see S4 Appendix). All patients with condylar fractures participated in this study (for details see S3 Appendix and S5 Appendix).
As shown in Table 1 , the lower anterior teeth of patients with symphysis fracture were often injured (OR 3.270; 95% CI 2.246-4.762), whereas the associated risk of injury to their lower posterior teeth was only 0.836-fold (95% CI 0.524-1.332). The lower anterior (OR 1.971; 95% CI 1.234-3.149) and lower posterior teeth (OR 1.692; 95% CI 0.992-2.888) of patients who sustained mandibular body fracture were frequently injured ( Table 2 ). The lower anterior (OR 0.471; 95% CI 0.294-0.755) and lower posterior teeth (OR 0.604; 95% CI 0.347-1.053) of patients with unilateral condylar fracture were infrequently injured, whereas the upper posterior teeth sustained a high level of injury (OR 1.697; 95% CI 0.934-3.082) ( Table 3) . Patients with angle fracture had a low risk of tooth injury in the mandible (lower anterior teeth: OR 0.759; 95% CI 0.386-1.492; lower posterior teeth: OR 0.371; 95% CI 0.142-0.967) ( Table 4) . Patients who sustained bilateral condylar fractures had a low risk of injury in the lower anterior teeth (OR 0.461; 95% CI 0.264-0.806), whereas the teeth in other quadrants were frequently injured (OR > 1) ( Table 5 ).
The correlations of soft tissue injuries with mandibular fractures are summarized in Tables  1-5 . Among the patients who sustained symphysis or mandibular body fractures, soft tissue injury was amplified in both the maxilla and jaw (Tables 1 and 2 ). However, in patients with mandibular angle fracture, soft tissue injuries were infrequently associated with either the maxilla (OR 0.810; 95% CI 0.350-1.874) or the jaw (OR 0.362; 95% CI 0.156-0.842) ( (Tables 3 and 5) .
Patients with symphysis or mandibular body fracture were at low risk (OR < 1) of other mandibular fractures, except for mandibular ramus fracture, for which they are at high risk (symphysis: OR 2.252; 95% CI 0.553-9.175; body: OR 7.846; 95% CI 1.718-35.83) ( Tables 1  and 2 ). For patients with either unilateral or bilateral condylar fractures, the risk of fracture of other mandibular sites was substantially high (OR > 1), except for mandibular angle fracture (unilateral: OR 0.340; 95% CI 0.108-1.075; bilateral: OR 0.567; 95% CI 0.057-5.657) ( Tables 3  and 5 ). Patients with mandibular angle fracture showed an associated high risk of other mandibular fractures (OR > 1), except for unilateral or bilateral condylar fractures (unilateral: OR 0.449; 95% CI 0.103-1.957; bilateral: OR 0.402; 95% CI 0.048-3.351) ( Table 4) .
Patients with symphysis fracture showed an associated low risk of unilateral (OR 0.587; 95% CI 0.274-1.260) or bilateral condylar fractures (OR 0.899; 95% CI 0.238-3.394) ( Table 1) . However, symphysis fracture frequently occurred in patients who sustained condylar fractures, Tables  3 and 5 ). Interestingly, mandibular fractures tended to have less of an association with midfacial fractures (Tables 1-5) .
Male patients had greater risk of symphysis fracture than female patients (OR 1.577; 95% CI 1.103-2.255) ( Table 1) . On average, more younger patients presented with bilateral condylar fractures than older patients (OR 1.025; 95% CI 1.008-1.043) ( Table 5 ).
Discussion
A thorough understanding of the mechanism and management of mandibular fractures is paramount to oral and maxillofacial surgeons, independent of their level of training. This study analyzed and evaluated the correlation of various internal factors with the location of mandibular fractures. Results showed that the occurrence of mandibular fractures was highly correlated with the age, sex, soft tissue injuries, dental trauma, and pattern and position of the maxillofacial fractures of the patients. Occlusion and dentition are functions of the mandibular arch and the temporomandibular joint. Dentition and occlusion can partly absorb the external force of a mandibular blow. Previous studies analyzed the association between the state of dentition and the location of mandibular fractures [13, 14, 19, 21] . However, the present study evaluated the relationship of dental injuries to the location of mandibular fracture. Results show that the lower anterior teeth were frequently injured in patients with symphysis fracture. Patients who sustained unilateral condylar fracture also sustained a high degree of injury to the upper posterior teeth. In patients who sustained mandibular body fracture, the lower anterior and lower posterior teeth were frequently injured. By contrast, patients with angle fracture had a low risk of tooth injury in the mandible. Logistic regression analysis was used to control confounding variables, but these findings confirmed our previous conclusion, that teeth near the fracture area are at high risk of being injured [3] . These findings indicate that the dental state in the vicinity of a mandibular fracture should be given paramount importance. However, since the present study was designed retrospectively, the original state of dentition surrounding the fractures is, in many cases, unknown due to the lack dental records. Thus, we could not answer questions pertaining to the following important concerns: 1) whether or not poor dentition leads to increased risk for mandibular fracture, and 2) does poor dentition, combined with a fracture in the area, lead to poor wound healing or increased risks for infection. Further studies are needed to address these issues.
The dental trauma in patients with bilateral condylar fractures reasonably differed from that in patients with unilateral condylar fracture. Previous studies revealed that dental injuries occurred more frequently in patients with bilateral condylar fractures than in those with unilateral condylar fracture [15, 22] . Moreover, severe dental injuries are more frequently encountered in bilateral than in unilateral condylar fracture cases [15] . In the present study, the type and location of dental injury significantly differed between patients with bilateral condylar fractures and those with unilateral condylar fracture. The lower posterior teeth of patients with bilateral condylar fractures were more frequently injured than those of patients with unilateral condylar fracture. Patients with mandibular fractures (symphysis, body, unilateral or bilateral condylar fractures) possessed an approximately equal risk of soft tissue injury in the mandible (OR in ascending order was unilateral condylar, 1.598; body, 1.684; symphysis, 1.919; and bilateral condylar, 2.670). Patients with mandibular angle fracture possessed a significantly low risk of associated soft tissue injury in the mandible (OR 0.362). These findings suggest that the fracture pattern of the mandible (different locations) depends on the effect of an external force and that the magnitude and direction of the force influences the location of mandibular fractures [23] . Directing an external force along the parasymphysis-body region of the mandible usually immediately produces a symphysis or mandibular body fracture. Nonetheless, the mobile condylar process moves away from the impact point until it is limited by the bony fossa and associated soft tissue [20] . Applying a greater external force to the parasymphysis-body region of the mandible produces symphysis-condylar co-fractures (unilateral or bilateral condylar). The present study confirmed that fracture of symphysis was prone to occur in patients with sustained condylar fractures, especially in those with bilateral condylar fractures (unilateral: OR 2.919; bilateral: OR 17.38), but not for those with mandibular angle fracture. Patients with mandibular angle fracture were associated with a low risk of soft tissue injury in the mandible (OR 0.362). The angle of mandible located behind the ramus had minimal possibility of being impacted by an external force. This phenomenon may be attributed to the existence of impacted teeth in the retromolar area of the mandible. The presence of impacted teeth significantly increases the risk of an angle fracture [24] [25] [26] .
We found an inverse relationship between angle fracture and condylar fractures (unilateral or bilateral). Patients with either unilateral or bilateral condylar fractures had an associated low risk of mandibular angle fracture (OR < 1). Similarly, patients with mandibular angle fracture were associated with a low risk of unilateral or bilateral condylar fractures (OR < 1). We hypothesize that this phenomenon occurs as a consequence of the presence of impacted teeth. Previous studies reported that the presence of impacted teeth in the mandible increases the risk of mandibular angle fracture, while reducing the risk of condylar fractures [27, 28] .
Patients with symphysis fracture were associated with a low risk of bilateral condylar fractures (90 of 387 [23.3%], OR 0.899). By contrast, patients with bilateral condylar fractures were associated with a high risk of symphysis fracture (90 of 172 [52.3%], OR 17.38). These results are contradictory but interesting. The biomechanics of symphysis fracture is simple; with the application of an external force on the labial side of the symphysis, tensile strain is produced through flattening of the chin and concomitant stretching of the lingual cortical plate [19] . Under these circumstances, fracture of the symphysis occurs more commonly, only a great force applied to the symphysis can pass through the mandibular arch; this phenomenon leads to bilateral condylar fractures. For patients with bilateral condylar fractures, the condylar processes are no longer limited by the glenoid fossa; applying an external force widens the mandibular arch and induces tension along the lingual aspect of symphysis, which is then easily fractured. This event leads to symphysis-bilateral condylar co-fractures. Consequently, in clinical practice, these patients usually present with widening of the mandibular arch, as reflected in the occlusion or the width of the face [29] . A close relationship has been revealed between condylar fractures and other mandibular fractures. However, patients with condylar fractures infrequently demonstrate associated secondary mandibular fractures, especially patients with bilateral condylar fractures. Furthermore, many of the 869 patients with sustained mandibular fractures had fractured condylar processes (491 [56.5%]). The reduced cross-sectional dimension in the sub-condylar predisposed these patients to fracture when a great force was concentrated in these locations [20] . The occurrence of condylar fractures reduced the occurrence of other mandibular fractures. We found a negative correlation suggesting that mandibular fractures tended to have less of an association with midfacial fractures. This is expected because the mandible is located at the lowest position, and, therefore, it is more likely to be struck by an object or hit the ground first (from high or at ground level). Additionally, fracture of the mandible likely serves as a protective mechanism, allowing greater dissipation of forces, resulting in less residual energy to be transmitted to the midfacial bone.
The present retrospective case-control study provided an excellent model to evaluate various internal factors that may influence the location of mandibular fractures. The main advantages of this study are the large size of the study population and the control for confounding variables through multivariate logistic regression. However, the qualitative and intangible nature of many other internal and external factors should be taken into account. At present, little is known about the mechanics in the production of mandibular fractures. These questions have not been answered because of lack of experimental data [19] . As a retrospective clinical study, this work did not record the actual circumstances regarding mouth opening or closing during the occurrence of mandibular fractures. The magnitude and direction of the impact to the mandible were also unknown. These limitations are difficult to avoid. Therefore, a multicenter prospective clinical study or a well-designed experiment on the mechanism of mandibular fracture should be conducted in the future. From the research standpoint, it would be interesting to look at possibly recreating a few simple cases in the lab using synthetic bone (Sawbones or similar products) to determine if certain impacts with a given vectoral direction and magnitude can recreate the same fracture pattern. If this is able to be done, then perhaps the next logical step would be to work backwards (by using CT imaging). Given a certain fracture pattern, one could examine the direction of impact and the magnitude of the force and apply this information to predict the location of other fractures.
In conclusion, the occurrence of mandibular fractures is highly related to the age, sex, soft tissue injuries, dental trauma, and the pattern and position of the maxillofacial fractures of the patients. Through this study, it was expected that these findings could help clinicians to better understand the pathogenesis of mandibular fractures, and to better predict and evaluate the condition of patients with mandibular fractures. It may also help to reduce the incidence of misdiagnosis and missed diagnosis in mandibular fractures. For example, in a patient with poor dentition and bilateral condylar fractures, we must ensure to examine for a symphysis fracture [OR 17 .38] and a single fracture in other locations of the mandible [OR 23.01]. Of particular importance is to understand that the mandible fracture does not necessarily have to be gross; a hairline fracture could exist. Finally, this study may also provide clinical and research data for the effective management of these injuries.
Methods

Ethics Statement
We conducted a hospital-based retrospective case-control study at Stomatology College and Hospital, Wuhan University, from January 2000 to December 2009. We have read and followed the ethical guidelines of the Declaration of Helsinki in this investigation. All protocol, survey forms, and consent forms were approved by the Institutional Review Board (IRB) of Wuhan University. Written consent provided by the patients was waived by IRB.
Patient Population and Data Collection
This study included patients with maxillofacial fractures admitted in the Department of Oral and Maxillofacial Surgery, Stomatology College and Hospital, Wuhan University from January 2000 to December 2009. Patients with repeat admissions and incomplete information were excluded from this study. In total, 1131 participants with maxillofacial fractures had complete diagnostic records. Data on age, sex, soft tissue injuries, dental trauma, and maxillofacial fracture type were collected and standardized by an investigator on the basis of the case histories, clinical and radiographic examinations, and medical records of the patients.
Mandibular fractures were classified as condylar (unilateral or bilateral), symphysis, body, angle, ramus, and coronoid fractures.
The site of dental injuries was divided into four groups (upper anterior, lower anterior, upper posterior, and lower posterior teeth). The anterior teeth included incisors and canine, and the posterior teeth included premolars and molars.
Soft tissue injuries in the mandible or maxilla were recorded. Associated fractures such as skull, thoracic, cervical, vertebra, pelvis, extremity, and abdominal injuries, were also recorded as "other body fractures/injuries."
Case and Control Groups
Among the 1131 patients, those diagnosed with a certain type of mandibular fractures (unilateral symphysis, body, angle, condylar or bilateral condylar fractures) comprised the case group. Meanwhile, patients with maxillofacial fractures but without a certain type of mandibular fractures comprised the control group.
Statistical Analysis
Statistical analysis was performed using SPSS version 16.0 (Chicago, IL). The data were analyzed through multivariate logistic regression. 
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